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EP 2 641 086 B9
Description
TECHNICAL FIELD
[0001] The present invention relates to a method for screening drugs for suppressing inflammasome activity.
BACKGROUND ART

[0002] Theinnateimmune response, in which a signal such as amyloid 3, asbestos, urate crystals, cholesterol crystals,
or oligomers of islet amyloid polypeptides triggers formation of complexes called inflammasomes containing NLRP3, an
adaptor protein ASC and caspase-1, followed by activation of caspase-1, leading to production of IL-1p, is considered
to be one of the causes of Alzheimer’s disease, asbestosis, gout, arteriosclerosis, type 2 diabetes and the like (Halle A,
et al., Nat Immunol. 9:857-65,2008; Dostert C. et al., Science, vol. 320,pp. 674-677, 2008; Peter D, et al., Nature 464:
1357-1361, 2010; Mariinon F, et al., Nature 440:237-41, 2006; Masters SL, et al., Nat Immunol. 11:897-904, 2010).
[0003] On the other hand, CINCA (Chronic Infantile Neurologic Cutaneous and Articular) syndrome is one of autoin-
flammatory syndromes and about a half of patients suffering from this syndrome have a heterozygous mutation in the
NLRP3 gene. This mutant NLRP3 gene is said to cause systemic inflammation by constantly activating the above-
described inflammasomes.

[0004] Juliana et al. (2010), describe that the anti-inflammatory compounds Parthenolide and Bay 11-7082 are direct
inhibitors of the inflammasome. Furthermore, Meng et al. (2009) state that a mutation in the NiIrp3 Gene causing inflam-
masome hyperactivation potentiates Th17 cell-dominant immune responses. In addition, Meng et al. (2010) describe
new insights into the nature of autoinflammatory diseases from mice with NIrp3 mutations.

[0005] However, a screening system suitable for developing drugs for suppressing an activity of inflammasome con-
taining NLRP3, which is common among these diseases, has not yet been developed.

DISCLOSURE OF THE INVENTION

[0006] The present invention aims to provide a screening method for development of drugs for suppressing inflam-
masome activity.

[0007] The inventors of the presentinvention introduced reprogramming factors into somatic cells of a patient suffering
from CINCA syndrome and thereby prepared induced pluripotent stem cells (iPS cells) having mutant NLRP3 gene and
iPS cells having wild-type NLRP3 gene from the same patient. These iPS cells were induced to differentiate into mac-
rophages and the resulting macrophages were subjected to LPS stimulation. As a result, macrophages derived from
iPS cells having mutant NLRP3 gene were confirmed to produce a much larger amount of IL-13 than macrophages
derived from iPS cells having wild-type NLRP3 gene, and it was found that this phenomenon can be used as an index
for screening drugs for diseases caused by inflammasomes.

[0008] The inventors of the present invention also carried out differentiation induction into macrophages and the
resulting macrophages were subjected to LPS stimulation. As a result, macrophages derived from iPS cells having
mutant NLRP3 gene were found to show aggregation of ASC in the cells, and it was found that this phenomenon can
be used as an index for screening drugs for diseases caused by inflammasomes.

[0009] The present invention was completed based on these findings.

[0010] Itis an aspect of the presentinvention to provide a method for screening a drug for suppressing inflammasome
activity, comprising the steps of:

(1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant NLRP3 gene;
(2) measuring the amount of IL-1p secretion from the macrophages after step (1); and

(3) selecting the test substance as a drug for suppressing inflammasome activity when the amount of IL-1( secretion
measured in step (2) is smaller than the amount of IL-1f secretion from macrophages derived from iPS cells having
mutant NLRP3 gene which are stimulated with LPS but not contacted with the test substance.

[0011] It is another aspect of the present invention to provide a method for screening a drug for suppressing inflam-
masome activity, comprising the steps of:

(1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant NLRP3 gene;
(2) measuring the amount of IL-1p secretion from the macrophages after step (1); and

(3) selecting the test substance as a drug for suppressing inflammasome activity when the amount of secretion
measured in step (2) is equivalent to or less than the amount of IL-1p secretion from LPS-stimulated macrophages
derived from iPS cells having wild-type NLRP3 gene.
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[0012] It is another aspect of the present invention to provide a method for screening a drug for suppressing inflam-
masome activity, comprising the steps of:

(1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant NLRP3
gene and with LPS-stimulated macrophages derived from iPS cells having wild-type NLRP3 gene;

(2) measuring the amount of IL-1f secretion from the respective macrophages after step (1); and

(3) selecting the test substance as a drug for suppressing inflammasome activity when the amount of IL-1( secretion
from the macrophages derived from iPS cells having mutant NLRP3 gene measured in step (2) is smaller than the
amount of IL-1p secretion from macrophages derived from iPS cells having mutant NLRP3 gene which are stimulated
with LPS but not contacted with the test substance, and the amount of IL-1p secretion from the macrophages derived
from iPS cells having wild-type NLRP3 gene measured in step (2) is equivalent to the amount of IL-1f secretion
from macrophages derived from iPS cells having wild-type NLRP3 gene which are stimulated with LPS but not
contacted with the test substance.

[0013] It is an aspect of the present invention to provide the method as described above, wherein said drug for
suppressing inflammasome activity is a therapeutic agent for asbestosis, Alzheimer’s disease, type 2 diabetes, athero-
sclerotic cardiovascular disease, gout, or cryopyrin-associated periodic syndrome.

[0014] It is another aspect of the present invention to provide the method as described above, wherein said mutant
NLRP3 gene is NLRP3 gene in which adenine at position 1709 is mutated to guanine.

[0015] Itis another aspect of the present invention to provide the method as described above, wherein macrophages
derived from iPS cells having wild-type NLRP3 gene are further stimulated with ATP.

[0016] It is another aspect of the present invention to provide the method as described above, wherein said iPS cells
having mutant NLRP3 gene and said iPS cells having wild-type NLRP3 gene are iPS cells derived from the same
individual.

[0017] It is another aspect of the present invention to provide a method for screening a drug for suppressing inflam-
masome activity, comprising the steps of:

(1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant NLRP3 gene;
(2) measuring the ratio of macrophages having aggregated ASC after step (1); and

(3) selecting the test substance as a drug for suppressing inflammasome activity when the ratio measured in step
(2) is smaller than the ratio of macrophages having aggregated ASC in macrophages derived from iPS cells having
mutant NLRP3 gene which are stimulated with LPS but not contacted with the test substance.

[0018] It is another aspect of the present invention to provide a method for screening a drug for suppressing inffam-
masome activity, comprising the steps of:

(1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant NLRP3 gene;
(2) measuring the ratio of macrophages having aggregated ASC after step (1); and

(3) selecting the test substance as a drug for suppressing inflammasome activity when the ratio measured in step
(2) is equivalent to or less than the ratio of macrophages having aggregated ASC in LPS-stimulated macrophages
derived from iPS cells having wild-type NLRP3 gene.

[0019] It is another aspect of the present invention to provide a method for screening a drug for suppressing inflam-
masome activity, comprising the steps of:

(1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant NLRP3
gene and with LPS-stimulated macrophages derived from iPS cells having wild-type NLRP3 gene;

(2) measuring the ratio of macrophages having aggregated ASC in the respective macrophages after step (1); and
(3) selecting the test substance as a drug for suppressing inflammasome activity when the ratio of macrophages
having aggregated ASC in the macrophages derived from iPS cells having mutant NLRP3 gene measured in step
(2) is smaller than the ratio of macrophages having aggregated ASC in macrophages derived from iPS cells having
mutant NLRP3 gene which are stimulated with LPS but not contacted with the test substance, and the ratio of
macrophages having aggregated ASC in the macrophages derived from iPS cells having wild-type NLRP3 gene
measured in step (2) is equivalent to the ratio of macrophages having aggregated ASC in macrophages derived
from iPS cells having wild-type NLRP3 gene which are stimulated with LPS but not contacted with the test substance.

[0020] It is another aspect of the present invention to provide the method as described above, wherein said drug for
suppressing inflammasome activity is a therapeutic agent for asbestosis, Alzheimer’s disease, type 2 diabetes, athero-
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sclerotic cardiovascular disease, gout, or cryopyrin-associated periodic syndrome.

[0021] It is another aspect of the present invention to provide the method as described above, wherein said mutant
NLRP3 gene is NLRP3 gene in which adenine at position 1709 is mutated to guanine.

[0022] Itis another aspect of the present invention to provide the method as described above, wherein macrophages
derived from iPS cells having wild-type NLRP3 gene are further stimulated with ATP.

[0023] It is another aspect of the present invention to provide the method as described above, wherein said iPS cells
having mutant NLRP3 gene and said iPS cells having wild-type NLRP3 gene are iPS cells derived from the same
individual.

[0024] Also disclosed is a kit for screening a drug for suppressing inflammasome activity, comprising macrophages
derived from iPS cells having mutant NLRP3 gene.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

Fig. 1 shows results of sequencing of apart of Exon 3 of NLRP3 gene in (A) wild-type and (B) mutant. It was shown
that the nucleotide at position 1709 of NLRP3 is A/G in the mutant.

Fig. 2 shows results of measurement of the amount of IL-13 secretion in iPS cells-derived macrophages having (A)
wild-type NLRP3 gene and (B) mutant NLRP3 gene, which measurement was carried out for (I) non-addition group,
(2) LPS-addition group and (3) LPS-and ATP-addition group. For the wild type, results from 3 clones WT-1, WT-2
and WT-3,and 201B7 (control) are shown. For the mutanttype, results from 3 clones MT-1, MT-2 and MT-3 are shown.
Fig. 3 shows stained images of ASC (left column), stained images by DAPI (middle column) and their superimposed
images (right column) in iPS cells-derived macrophages having (A) wild-type NLRP3 gene and (B) mutant NLRP3
gene (photograph). Aggregation of ASC is observed only in cells of the mutant type.

Fig. 4 shows the amount of IL-1p secretion in macrophages derived from iPS cells having mutant NLRP3 gene in
the presence of each concentration of cycloheximide (left), SC-514 (middle) and MG132 (right), respectively.

Fig. 5 shows the amount of secretion of IL-1p (A), IL-8 (B) and IL-6 (C), in macrophages derived from iPS cells in
the cases of (1) no LPS stimulation and no drug addition, (2) LPS stimulation and no drug addition, (3) LPS stimulation
and Interleukin 1 receptor antagonist (IL-1Ra) addition, (4) LPS stimulation and Bay11-7028 (Bay11) addition, (5)
LPS stimulation and CA074Me addition, and (6) LPS stimulation and Parthenolide (Parth) addition.

DESCRIPTION OF THE EMBODIMENTS

[0026] The present invention provides a method for screening drugs for suppressing inflammasome activity using
macrophages obtained by differentiation induction of induced pluripotent stem cells (iPS cells) having mutant NLRP3
gene and/or iPS cells having wild-type NLRP3 gene. In the present specification, NLRP3 means NLR family, pyrin
domain containing 3, which is known to have 5 types of variants, and the NLRP3 may be any of these variants. In the
present invention, examples of the NLRP3 include NCBI accession numbers NM_004895 (SEQ ID NO: 1), NM_183395
(SEQ ID NO: 2), NM_001079821 (SEQ ID NO: 3),NM_001127461 (SEQ ID NO: 4) and NM_001127462 (SEQ ID NO:
5). Here, the translation initiation codon in the NLRP3 is preferably the codon located 6 nucleotides downstream of the
translation initiation codon described in each of these NCBI accession numbers. Examples of the mutant NLRP3 gene
include NLRP3 gene wherein adenine at position 1709 counted from the translation initiation codon (in the case of the
coding region shown in the NCBI accession numbers, position 1715 counted from the translation initiation codon) is
guanine, cytosine at position 1043 (position 1049 in the coding region shown in the NCBI accession numbers) counted
from the translation initiation codon is thymine, or guanine at position 587 (position 593 in the coding region shown in
the NCBI accession numbers) counted from the translation initiation codon is adenine. The NLRP3 is preferably the one
wherein the nucleotide at position 1079 is mutated to guanine.

Method for Producing iPS Cells

[0027] TheiPS cells used in the present invention can be prepared by introducing certain specific nuclear reprogram-
ming substances into somatic cells in the form of DNA or protein, or by increasing expression of endogenous mRNAs
and proteins of the nuclear reprogramming substances by an agent(s) (K. Takahashi and S. Yamanaka (2006) Cell,
126:663-676; K. Takahashi et al. (2007) Cell, 131:861-872; J. Yu et al. (2007) Science, 318:1917-1920; M. Nakagawa
et al. (2008) Nat. Biotechnol., 26:101-106; WO 2007/069666; and WO 2010/068955). The nuclear reprogramming
substances are not restricted as long as these are genes specifically expressed in ES cells, or genes playing important
roles in maintenance of the undifferentiated state of ES cells, or gene products thereof, and examples thereof include
Oct3/4, Kif4, Kifl, EIf2, KIf5, Sox2, Sox1, Sox3, Sox15, Sox17, Sox18, c-Myc, L-Myc, N-Myc, TERT, SV40 Large T
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antigen, HPV16 E6, HPV16 E7, Bmil, Lin28, Lin28b, Nanog, Esrrb and Esrrg. These reprogramming substances may
be used in combination when iPS cells are to be established. For example, the combination may contain at least one,
two or three of the above reprogramming substances, and the combination preferably contains four of the above repro-
gramming substances.

[0028] The information on the nucleotide sequences of mouse and human cDNAs of the above-described respective
nuclear reprogramming substances, and the amino acid sequences of the proteins encoded by the cDNAs can be
obtained by referring to the NCBI accession numbers described in WO 2007/069666. Further, the information on the
mouse and human cDNA sequences and amino acid sequences of each of L-Myc, Lin28, Lin28b, Esrrb and Esrrg can
be obtained by referring to the NCBI accession numbers described below. Those skilled in the art can prepare desired
nuclear reprogramming substances by a conventional method based on the information on the cDNA sequences or
amino acid sequences.

Gene name Mouse Human

L-Myc NM_008506 NM_001033081
Lin28 NM_145833 NM_024674
Lin28b NM_001031772 NM_001004317
Esrrb NM_011934 NM_004452
Esrrg NM_011935 NM_001438

[0029] These nuclear reprogramming substances may be introduced into somatic cells in the form of protein by a
method such as lipofection, binding to a cell membrane-permeable peptide, or microinjection, or in the form of DNA by
a method such as use of a vector including a virus, plasmid and artificial chromosome; lipofection; use of liposomes; or
microinjection. Examples of the virus vector include retrovirus vectors, lentivirus vectors (these are described in Cell,
126, pp. 663-676,2006; Cell, 131, pp. 861-872,2007; and Science, 318, pp.1917-1920, 2007), adenovirus vectors (Sci-
ence, 322, 945-949, 2008), adeno-associated virus vectors and Sendai virus vectors (Proc Jpn Acad Ser B Phys Biol
Sci. 85,348-62,2009). Examples of the artificial chromosome vector include human artificial chromosomes (HACs), yeast
artificial chromosomes (YACs) and bacterial artificial chromosomes (BACs, PACs). Examples of the plasmid which may
be used include plasmids for mammalian cells (Science, 322:949-953, 2008). The vectors may contain a regulatory
sequence(s) such as a promoter, enhancer, ribosome binding sequence, terminator and/or polyadenylation site, to allow
expression of the nuclear reprogramming substances. Examples of the promoter to be used include the EF 10 promoter,
CAG promoter, SRa promoter, SV40 promoter, LTR promoter, CMV (cytomegalovinis) promoter, RSV (Rous sarcoma
virus) promoter, MoMuLV (Moloney murine leukemia virus) LTR and HSV-TK (herpes simplex virus thymidine kinase)
promoter. Among these, the EF1a promoter, CAG promoter, MoMuLV LTR, CMV promoter, SRa promoter and the like
are preferred. The vectors may further contain, as required, a sequence of a selection marker such as a drug resistance
gene (e.g., kanamycin-resistant gene, ampicillin-resistant gene or puromycin-resistant gene), thymidine kinase gene or
diphtheria toxin gene; a gene sequence of a reporter such as the green-fluorescent protein (GFP), B-glucuronidase
(GUS) or FLAG; or the like. Further, in order to remove, after introduction of the above vector into somatic cells, the
genes encoding the nuclear reprogramming substances, or both the promoters and the genes encoding the reprogram-
ming substances linked thereto, the vector may have loxP sequences in the upstream and the downstream of these
sequences. In another preferred mode, a method may be employed wherein, after incorporation of the transgene(s) into
a chromosome(s) using a transposon, transposase is allowed to act on the cells using a plasmid vector or an adenovirus
vector, thereby completely removing the transgene(s) from the chromosome(s). Preferred examples of the transposon
include piggyBac, which is a transposon derived from a lepidopteran insect (Kaiji, K. et al., (2009), Nature, 458: 771-775;
Woltjen et al., (2009), Nature, 458: 766-770; and WO 2010/012077). Further, the vector may contain the replication
origin of lymphotrophic herpes virus, BK virus or Bovine papillomavirus and sequences involved in their replication, such
that the vector can replicate without being incorporated into the chromosome and exist episomally. Examples of such
a vector include vectors containing EBNA-1 and oriP sequences and vectors containing Large T and SV40ori sequences
(WO 2009/115295; WO 2009/157201; WO 2009/149233). Further, in order to introduce plural nuclear reprogramming
substances at the same time, an expression vector which allows polycistronic expression may be used. In order to allow
polycistronic expression, the sequences encoding the genes may be linked to each other via IRES or the foot-and-mouth
disease virus (FMDV) 2A coding region (Science, 322:949-953,2008; WO 2009/092042 and WO 2009/152529).

[0030] Forenhancingtheinduction efficiency of iPS cells upon the nuclear reprogramming, histone deacetylase (HDAC)
inhibitors [for example, low molecular inhibitors such as valproic acid (VPA) (Nat. Biotechnol., 26(7): 795-797 (2008)),
trichostatin A, sodium butyrate, MC 1293 and M344; and nucleic acid-type expression inhibitors such as siRNAs and
shRNAs against HDAC (e.g., HDAC1 siRNA Smartpool (registered trademark) (Millipore) and HuSH 29mer shRNA
Constructs against HDAC1 (OriGene))], DNA methyltransferase inhibitors (e.g., 5’-azacytidine) (Nat. Biotechnol., 26(7):
795-797 (2008)), G9a histone methyltransferase inhibitors [for example, low molecular inhibitors such as BIX-01294
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(Cell Stem Cell, 2: 525-528 (2008)); and nucleic acid-type expression inhibitors such as siRNAs and shRNAs against
G9a (e.g., G9a siRNA (human) (Santa Cruz Biotechnology))], L-channel calcium agonists (e.g., Bayk8644) (Cell Stem
Cell, 3, 568-574 (2008)), p53 inhibitors [e.g., sSiIRNAs and shRNAs against p53 (Cell Stem Cell, 3,475-479 (2008))], Wnt
Signaling activators (e.g., soluble Wnt3a) (Cell Stem Cell, 3, 132-135 (2008)), growth factors such as LIF and bFGF,
ALKS5 inhibitors (e.g., SB431542) (Nat Methods, 6:805-8 (2009)), mitogen-activated protein kinase signaling inhibitors,
glycogen synthase kinase-3 inhibitors (PLoS Biology, 6(10), 2237-2247 (2008)), miRNAs such as miR-291-3p, miR-294
and miR-295 (R.L. Judson et al., Nat. Biotech., 27:459-461 (2009)), and the like may be used in addition to the above-
described factors.

[0031] Examples of the agent(s) used in the method for increasing expression of the endogenous proteins of nuclear
reprogramming substances using an agent include 6-bromoindirubin-3’-oxime, indirubin-5-nitre-3’-oxime, valproic acid,
2-(3-(6-methylpyridin-2-yl)-1H-pyrazol-4-yl)-1,5-naphthyridine, 1-(4-methylphenyl)-2-(4,5,6,7-tetrahydro-2-imino-
3(2H)-benzothiazolyl)ethanone HBr(pifithrin-alpha), prostaglandin J2 and prostaglandin E2 (WO 2010/068955).
[0032] Examples of the culture medium for induction of the iPS cells include (1) DMEM, DMEM/F12 and DME media
supplemented with 10 to 15% FBS (these media may further contain LIF, penicillin/streptomycin, puromycin, L-glutamine,
non-essential amino acids, 3-mercaptoethanol and/or the like, as appropriate); (2) culture media for ES cells containing
bFGF or SCF, for example, culture media for mouse ES cells (e.g., TX-WES medium, Thromb-X) and culture media for
primate ES cells (e.g., culture medium for primate (human and monkey) ES cells (ReproCELL Inc., Kyoto, Japan),
mTeSR-1).

[0033] Examples of the culture method include a method wherein somatic cells and nuclear reprogramming substances
(DNAs or proteins) are brought into contact with each other at 37°C in the presence of 5% CO, in DMEM or DMEM/F12
medium supplemented with 10% FBS, and the cells are cultured for about 4 to 7 days, followed by replating the cells
on feeder cells (e.g., mitomycin C-treated STO cells or SNL cells) and starting culture in a bFGF-containing culture
medium for primate ES cells about 10 days after the contactbetween the somatic cells and the reprogramming substances,
thereby allowing ES cell-like colonies to appear about 30 to about 45 days after the contact, or later. To enhance the
induction efficiency of iPS cells, the culture may be carried out under a condition wherein the concentration of oxygen
is as low as 5 to 10%.

[0034] As an alternative culture method, the somatic cells may be cultured on feeder cells (e.g., mitomycin C-treated
STO cells or SNL cells) in DMEM medium supplemented with 10% FBS (which may further contain LIF, penicillin/strep-
tomycin, puromycin, L-glutamine, non-essential amino acids, f-mercaptoethanol and/or the like, as appropriate), thereby
allowing ES-like colonies to appear after about 25 to about 30 days of the culture, or later.

[0035] During the above culture, the culture medium is replaced with a fresh culture medium once every day from Day
2 of the culture. The number of the somatic cells used for nuclear reprogramming is not restricted, and usually within
the range of about 5x 103 to about 5X10° cells per 100-cm? area on the culture dish.

[0036] In cases where a gene including a drug resistance gene is used as a marker gene, cells expressing the marker
gene can be selected by culturing the cells in a culture medium (selection medium) containing the corresponding drug.
Cells expressing a marker gene can be detected by observation under a fluorescence microscope in cases where the
marker gene is the gene of a fluorescent protein; by adding a luminescent substrate in cases where the marker gene is
the gene of luciferase; or by adding a coloring substrate in cases where the marker gene is the gene of a coloring enzyme.
[0037] Examples of the "somatic cells" used in the present specification include epithelial cells which are keratinized
(e.g., keratinized epidermal cells), mucosal epithelial cells (e.g., epithelial cells of the lingual surface), epithelial cells of
exocrine glands (e.g., mammary cells), hormone-secreting cells (e.g., adrenomedullary cells), cells for metabolism and
storage (e.g., hepatic cells), luminal epithelial cells constituting boundary surfaces (e.g., type | alveolar cells), luminal
epithelial cells in the closed circulatory system (e.g., vascular endothelial cells), ciliated cells having a carrying capacity
(e.g., tracheal epithelial cells), extracellular matrix-secreting cells (e.g., fibroblasts), contractile cells (e.g., smooth muscle
cells), cells involved in the blood system and the immune system (e.g., T lymphocytes), sensory cells (e.g., rod cells),
autonomic neurons (e.g., cholinergic neurons), supporting cells of sense organs and peripheral neurons (e.g., satellite
cells), nerve cells and glial cells in the central nervous system (e.g., astroglial cells) and pigment cells (e.g., retinal
pigment epithelial cells), and progenitor cells (tissue progenitor cells) thereof The level of differentiation of the somatic
cells is not restricted, and either undifferentiated progenitor cells (including somatic stem cells) or terminally-differentiated
mature cells may be similarly used as the source of the somatic cells in the present invention. Here, examples of the
undifferentiated progenitor cells include tissue stem cells (somatic stem cells) such as neural stem cells, hematopoietic
stem cells, mesenchymal stem cells and dental pulp stem cells.

[0038] Inthe presentinvention, somatic cells having a mutation of NLRP3 and somatic cells having no such a mutation
of NLRP3 are preferably obtained from the same individual. The iPS cells are preferably established from a patient
suffering from CINCA (Chronic Infantile Neurologic Cutaneous and Articular).

[0039] The mutant NLRP3 gene may be one which has been originally retained by the somatic cells from which the
iPS cells are derived, or the mutation may be introduced to NLRP3 gene using homologous recombination after estab-
lishment of the iPS cells. The homologous recombination may be carried out using a method well known to those skilled
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in the art.

Method of Differentiation Induction into Macrophages

[0040] For producing macrophages from the thus obtained iPS cells, a differentiation induction method comprising
the following steps may be used:

(1
(2
3
(4

culturing iPS cells on OP9 cells;

separating cells using an angioblast marker as an index;

culturing the separated cells on OP9 cells; and
separating/purifying cells using a macrophage marker as an index.

—_— — ~— ~—

[0041] The macrophages in the presentinvention are cells expressing any or allof CD11b, CD 14 and CD68, preferably
cells expressing CD 14. Examples of the angioblast marker include CD34, KDR and TRA-1-85.

[0042] Prior to Step (1), the iPS cells may be dissociated by an arbitrary method. The dissociation may be carried out
either mechanically or by using a dissociation solution having a protease activity and a collagenase activity (e.g., Ac-
cutase(TM), Accumax(TM) or a cell detachment liquid for primate ES cells (ReproCELL Inc.)) or a separation liquid
having only a collagenase activity.

[0043] Examples of the coating agent employed in Step (1) and Step (3) include Matrigel (BD), type | collagen, type
IV collagen, gelatin, laminin, heparan sulfate proteoglycan and entactin, and combinations thereof.

[0044] The culture medium for producing macrophages can be prepared by using, as a basal medium, a culture
medium used for culturing animal cells. Examples of the basal medium include IMDM medium, Medium 199 medium,
Eagle’s Minimum Essential Medium (EMEM), aMEM medium, Dulbecco’s modified Eagle’s Medium (DMEM), Ham’s
F12 medium, RPMI 1640 medium and Fischer’s medium, and mixed media thereof The culture medium is preferably
oMEM medium. Further, the culture medium may be either a serum-containing medium or a serum-free medium. As
required, the culture medium may contain one or more of serum replacements such as albumin, transferrin, Knockout
Serum Replacement (KSR) (a serum replacement of FBS for culturing ES cells), fatty acid, insulin, collagen precursor,
minor element, 2-mercaptoethanol and 3’-thiolglycerol; and/or may contain one or more of lipids, amino acids, L-
glutamine, Glutamax (Invitrogen), non-essential amino acids, vitamins, antibiotics, antioxidants, pyruvic acid, buffers,
inorganic salts, N2 supplement (Invitrogen), B27 supplement (Invitrogen), cytokines such as VEGF, stem cell factor
(SCF), IL-3, thrombopoietin (TPO), FLT-3 ligand (FL) and macrophage colony-stimulating factor (M-CSF), and the like.
Examples of a preferred medium include aMEM containing 10% FCS and VEGF in Step (1), and «MEM containing 10%
FCS, SCF, IL-3, TPO, FL and M-CSF in Step (3).

[0045] The culture temperature is not restricted and may be about 30 to 40°C, preferably about 37°C, and the culture
is carried out under atmosphere of CO,-containing air, wherein the CO, concentration is preferably about 2 to 5%. The
culturing time is not restricted, and, for example, 5 days to 15 days, more preferably 10 days in Step (1); and, for example,
10 days to 20 days, more preferably 16 days in Step (3).

[0046] Angioblast marker-positive cells or macrophage marker-positive cells can be separated/purified from cells
stained with an antibody for each marker using a flow cytometer or magnetic beads having the antibody by a method
well known to those skilled in the art.

Screening Method

[0047] The present invention provides a method for screening a drug for suppressing inflammasome activity. The
inflammasomes means complexes composed of NLRP3, ASC and caspase-1. The activation of inflammasomes is not
restricted, and, for example, it means activation of caspase-1 via formation of the above complexes.

[0048] The drug for suppressing inflammasome activity can be used as a therapeutic agent or prophylactic agent for
diseases caused by activation of inflammasomes, and examples of the diseases caused by activation of inffammasomes
include, but are not limited to, asbestosis, Alzheimer’s disease, type 2 diabetes, atherosclerotic cardiovascular disease,
gout and cryopyrin-associated periodic syndrome.

[0049] Inflammasome activity does not increase upon LPS stimulation in macrophages derived from iPS cells having
wild-type NLRP3 gene whereas inflammasome activity increases upon LPS stimulation in macrophages derived from
iPS cells having mutant NLRP3 gene. Thus, in cases where macrophages derived from iPS cells having mutant NLRP3
gene obtained by the above-mentioned method are used, drugs for suppressing inflammasome activity can be screened
by:

(1-1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant NLRP3
gene;
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(1-2) measuring the amount of IL-1p secretion from the macrophages after step (1-1); and

(1-3) selecting the test substance as a drug for suppressing inflammasome activity when the amount of IL-1
secretion measured in step (1-2) is smaller than the amount of IL-1f secretion from macrophages derived from iPS
cells having mutant NLRP3 gene which are stimulated with LPS but not contacted with the test substance.

[0050] Here, the LPS stimulation is carried out by adding LPS to the culture of the macrophages. In addition to the
LPS stimulation, stimulation with ATP may be carried out. The stimulation time is not restricted and may be, for example,
2 hours to 24 hours in the case of LPS, and 10 minutes to 1 hour in the case of ATP.

[0051] In the present invention, the amount of secretion of IL-13 can be measured using the culture supernatant of
the macrophages, and examples of the measurement method include immunoassays. Examples of the immunoassays
include the radioimmunoassay, enzyme immunoassay, fluoroimmunoassay, luminescence immunoassay, imnmunopre-
cipitation, turbidimetric immunoassay, Western blotting and immunodiffusion, and the immunoassay is preferably the
enzyme immunoassay, especially preferably the enzyme-linked immunosorbent assay (ELISA) (e.g., sandwich ELISA).
[0052] Another example of the method for screening drugs for suppressing inflammasome activity includes a method
comprising the steps of:

(2-1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant NLRP3
gene;

(2-2) measuring the ratio of macrophages having aggregated ASC after step (2-1); and

(2-3) selecting the test substance as a drug for suppressing inflammasome activity when the ratio measured in step
(2-2) is smaller than the ratio of macrophages having aggregated ASC in macrophages derived from iPS cells having
mutant NLRP3 gene which are stimulated with LPS but not contacted with the test substance.

[0053] In the present invention, ASC is the apoptosis-associated speck-like protein containing a CARD, which is a
protein also referred to as PYCARD. Examples of variants of the gene encoding ASC include, but are not limited to,
NCBI accession numbers NM_013258 and NM_145182.

[0054] Aggregation of ASC means that ASC is not widely distributed in the cell and is localized to form clusters.
Aggregation of ASC occurs when macrophages are stimulated with LPS, and can be preferably judged by stronger
staining of the areas of localization than the other areas when cells are immunostained using an anti-ASC antibody. An
example of preferred aggregation is shown in the left column in Fig. 3B.

[0055] The ratio of macrophages having aggregated ASC may be the number of macrophages having aggregated
ASC per total macrophages or a certain number of macrophages (e.g., per 10,000 macrophages) or the number of
macrophages having aggregated ASC in a culture dish. The aggregation of ASC may be either a single aggregate or a
plurality of aggregates in each macrophage.

[0056] Other examples of the method for screening drugs for suppressing inflammasome, activity include a method
comprising the steps of:

(3-1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant NLRP3
gene;

(3-2) measuring the amount of IL-1p secretion from the macrophages after step (3-1); and

(3-3) selecting the test substance as a drug for suppressing inflammasome activity when the amount of secretion
measured in step (3-2) is equivalent to or less than the amount of IL-1f secretion from LPS-stimulated macrophages
derived from iPS cells having wild-type NLRP3 gene;

and a method comprising the steps of:

(4-1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant NLRP3
gene;

(4-2) measuring the ratio of macrophages having aggregated ASC after step (4-1); and

(4-3) selecting the test substance as a drug for suppressing inflammasome activity when the ratio measured in step
(4-2) is equivalent to or less than the ratio of macrophages having aggregated ASC in LPS-stimulated macrophages
derived from iPS cells having wild-type NLRP3 gene.

[0057] The term "equivalent" includes a case where the value is strictly identical as well as a case where an error
preferably within the range of approximately =5% or more preferably within the range of approximately =1% exists with
respect to the measured value.

[0058] Inthe presentinvention, the LPS-stimulated macrophages derived from iPS cells having wild-type NLRP3 gene
may be further stimulated with ATP before measuring the amount of 1L-1p secretion.
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[0059] Other examples of the method for screening drugs for suppressing inflammasome activity include a method
comprising the steps of:

(5-1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant NLRP3
gene and with LPS-stimulated macrophages derived from iPS cells having wild-type NLRP3 gene;

(5-2) measuring the amount of IL-1 secretion from the respective macrophages after step (5-1); and

(5-3) selecting the test substance as a drug for suppressing inflammasome activity when the amount of IL-1
secretion from the macrophages derived from iPS cells having mutant NLRP3 gene measured in step (5-2) is smaller
than the amount of IL-1f secretion from macrophages derived from iPS cells having mutant NLRP3 gene which are
stimulated with LPS but not contacted with the test substance, and the amount of IL-1p secretion from the macro-
phages derived from iPS cells having wild-type NLRP3 gene measured in step (5-2) is equivalent to the amount of
IL-1B secretion from macrophages derived from iPS cells having wild-type NLRP3 gene which are stimulated with
LPS but not contacted with the test substance; and a method comprising the steps of:

(6-1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant NLRP3
gene and with LPS-stimulated macrophages derived from iPS cells having wild-type NLRP3 gene;

(6-2) measuring the ratio of macrophages having aggregated ASC in the respective macrophages after step (6-1); and
(6-3) selecting the test substance as a drug for suppressing inflammasome activity when the ratio of macrophages
having aggregated ASC in the macrophages derived from iPS cells having mutant NLRP3 gene measured in step
(6-2) is smaller than the ratio of macrophages having aggregated ASC in macrophages derived from iPS cells having
mutant NLRP3 gene which are stimulated with LPS but not contacted with the test substance, and the ratio of
macrophages having aggregated ASC in the macrophages derived from iPS cells having wild-type NLRP3 gene
measured in step (6-2) is equivalent to the ratio of macrophages having aggregated ASC in macrophages derived
from iPS cells having wild-type NLRP3 gene which are stimulated with LPS but not contacted with the test substance.

[0060] In the screening method of the present invention, an arbitrary test substance can be used, and examples of
the test substance include cell extracts, cell culture supernatants, microbial fermentation products, extracts derived from
marine organisms, plant extracts, purified proteins and crude proteins, peptides, nonpeptide compounds, synthetic low
molecular compounds and naturally occurring compounds. The test compounds can be obtained by using any of a
number of approaches in combinatorial library methods known in the art, such as (1) the biological library method, (2)
the synthetic library method using deconvolution, (3) the "one-bead one-compound" library method and (4) the synthetic
library method using affinity chromatography selection. Application of the biological library method using affinity chro-
matography selection is limited to peptide libraries, but the other types of approaches can be applied to low-molecular
compound libraries of peptides, nonpeptide oligomers or compounds (Lam (1997) Anticancer Drug Des. 12:145-67).
Examples of synthetic methods of molecular libraries are shown in the art (DeWitt et al. (1993) Proc. Natl. Acad. Sci.
USA 90: 6909-13; Erb et al. (1994) Proc. Natl. Acad. Sci. USA 91: 11422-6; Zuckermann et al. (1994) J. Med. Chem.
37:2678-85; Cho et al. (1993) Science 261: 1303-5; Carell et al. (1994) Angew. Chem. Int. Ed. Engl. 33: 2059; Carell
et al. (1994) Angew. Chem. Int. Ed. Engl. 33:2061; Gallop et al. (1994) J. Med. Chem. 37: 1233-51). The compound
libraries may be prepared as solutions (see Houghten (1992) BiolTechniques 13: 412-21) or beads (Lam (1991) Nature
354: 82-4), chips (Fodor (1993) Nature 364: 55-6), bacteria (US 5,223,409 B), spores (US 5,571,698 B, US 5,403,484
B and US 5,223,409 B), plasmids (Cull et al. (1992) Proc. Natl. Acad. Sci. USA 89: 1865-9) or phages (Scott and Smith
(1990) Science 249:386-90; Devlin (1990) Science 249: 404-6; Cwirla et al. (1990) Proc. Natl. Acad. Sci. USA 87:
6378-82; Felici (1991) J. Mol. Biol. 222:301-10; US 2002-103360).

Kit for Screening Drugs

[0061] Also described is a kit for screening drugs for suppressing inflammasome activity. This kit may comprise the
above-mentioned cells, reagents and culture medium. The kit may further comprise a document or an instruction that
describes a protocol for differentiation induction.

EXAMPLES

Establishment of iPS Cells

[0062] Using a retrovirus that expresses human OCT3/4, human SOX2, human KLF4 and human c-MYC as described
in Takahashi, K. et al., Cell, 131: 861-872 (2007), 6 clones of iPS cells were established from fibroblasts established
from the skin obtained by biopsy from a patient suffering from Chronic Infantile Neurologic, Cutaneous, Articular syndrome
(CINCA syndrome) with the patient’s consent. Since the patient was a mosaic CINCA syndrome patient, these established
iPS cells, irrespective of the fact that these were obtained from the same individual, contained 3 clones having wild-type
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NLRP3 gene and the other clones having mutant NLRP3 gene in which alanine at position 1709 was mutated to guanine
in one of the alleles (Fig. 1).

Method of Differentiation Induction into Macrophages

[0063] The iPS cells obtained by the above method were dispersed using CTK solution (Suemori, H et al., Biochem
Biophys Res Commun, 35: 926-932 (2006)) and left to stand in a gelatin-coated dish at 37°C for 60 minutes to remove
feeder cells, followed by plating the cells on OP9 cells (Nishikawa, S.I. et al, Development 125,1747-1757 (1998)). The
culture medium used at this time was «MEM containing 10% FCS, antibiotics-antimycotic and 10 ng/ml VEGF. Ten days
after the start of the culture, the cells were dispersed using trypsin, and Tra-1-85-positive/CD34-positive/KDR-positive
cells were separated and collected using FACS, followed by plating the collected cells on OP9 cells. The culture medium
used at this time was o MEM containing 10% FCS, antibiotics-antimycotic, 50 ng/ml hSCF, 50 ng/ml IL-3,10 ng/ml TPO,
50 ng/ml FL and 50 ng/ml M-CSF. Subsequently, 16 days after the separation and collection of the cells, the cells were
suspended using Accumax, and CD14-positive cells were purified by Magnetic activated cell sorting. The CD 14-positive
cells obtained from the 6 clones of iPS cells were used as the macrophages derived from iPS cells, and the 3 macrophages
having wild-type NLRP3 gene were designated WT-1, WT-2 and WT-3, respectively, and the 3 macrophages having
mutant NLRP3 gene were designated MT-1, MT-2 and MT-3, respectively. Further, control macrophages (201B7) were
obtained from 201B7 described in Takahashi, K. et al., Cell, 131: 861-872 (2007) by the same method.

Measurement of Amount of Production of IL-1

[0064] The iPS cells-derived macrophages obtained by the above method were suspended in RPMI medium supple-
mented with 10% FCS and divided into 3 groups, that is, (1) non-addition group, (2) a group in which LPS (Lipopolysac-
charide) was added to the medium at 1 wg/ml and the macrophages were then cultured for 4 hours, and (3) a group in
which LPS (Lipopolysaccharide) was added to the medium at 1 wg/ml and the macrophages were then cultured for 4
hours, followed by adding ATP (Adenosine triphosphate) to the medium at 1 mM and then culturing the macrophages
for 30 minutes. Thereafter, the culture supernatant in each group was recovered. The recovered culture supernatant
was subjected to flow cytometry to measure the concentration of IL-13 using Human Th1/Th2 11plex Kit (BMS) according
to the attached protocol (Fig. 2). The measurement was carried out 3 times in the same manner for each group. As a
result, it was observed that a larger amount of IL-1p was secreted by LPS stimulation, from the macrophages having
the mutant NLRP3 gene than from the macrophages having wild-type NLRP3 gene. The stimulation with ATP did not
cause any change.

Intracellular Distribution of ASC

[0065] LPS (Lipopolysaccharide) was added to a culture medium at 1 pg/ml and macrophages derived from iPS cells
having mutant NLRP3 gene were cultured therein for 24 hours, followed by adding ATP (Adenosine triphosphate) to the
medium at 1 mM and then culturing the macrophages for 30 minutes. Immunostaining was carried out to measure the
intracellular distribution of ASC (Apoptotic speck-like protein containing a CARD) using an anti-ASC antibody. As a
result, alarge number of cells presenting aggregation of ASC, which is an index of activation of inflammasomes composed
of NLRP3, ASC and caspase-1, were observed in the LPS/ATP-stimulated group (Fig. 3B). On the other hand, in
macrophages derived from iPS cells having wild-type NLRP3 gene, which macrophages were not stimulated with LPS
and ATP, ASC was distributed throughout the cell and aggregation of ASC was not observed (Fig. 3A). From the above
results, it was found that, in macrophages derived from iPS cells having mutant NLRP3 gene, inflammasomes are
activated by stimulation with LPS and ATP.

Evaluation of Drug Effects

[0066] The macrophage MT-1 induced from iPS cells as described above was added with each concentration of
cycloheximide (CHX) (Sigma), SC-514 (Tocris) or MG132 (Calbiochem) and cultured for two hours, and the medium
was replaced with a medium containing each drug and LPS (1g/ml), and culture was performed for another four hours,
followed by measurement of the amount of IL-1p secretion using Human Th1/Th2 11plex Kit (Fig. 4). It was confirmed
that NF-kB inhibitor SC-514 and MG132 inhibited IL-1p secretion in a dose dependent manner, as in the case of CHX
used as a control.

[0067] The macrophage MT-1 induced from iPS cells as described above was added with 100ng/ml of interleukin 1
receptor antagonist (IL-1Ra) (R&D Systems), 12uM of Bay11-7028 (Sigma), 50..M of CA074Me (Calbiochem) or 10puM
of Parthenolide (Parth) and cultured for two hours, and the medium was replaced with a medium containing each drug
and LPS (1ng/ml), and culture was performed for another four hours, followed by measurement of the amount of secretion
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of IL-1B (Fig. 5A), IL-8 (Fig. 5B), IL-6 (Fig. 5C) using Human Th1/Th2 11plex Kit. It was found that the secretion amount
of the three types of interleukins did not change with the addition of IL-1Ra whereas the secretion amount of the three
types of interleukins was inhibited with Bay11-7028 and Parth. On the other hand, CA074Me specifically inhibited the
secretion amount of IL-1p. These results show that drug effects can be evaluated by using macrophages induced from
iPS cells derived from the CINCA syndrome patient

INDUSTRIAL APPLICABILITY

[0068] The method of the present invention is useful for screening a drug such as a therapeutic agent for asbestosis,
Alzheimer’s disease, type 2 diabetes, atherosclerotic cardiovascular disease, gout, or cryopyrin-associated periodic
syndrome.

[0069] In this specification, the test substance can be provided as the drug candidate compound.

[0070] While the presentinvention has been described with emphasis on preferred embodiments, it is obvious to those
skilled in the art that the preferred embodiments can be modified. For example, the motivation to generate a certain drug
through the combination or the synthesis of the screened drug candidate compound with other chemical compound is
not precluded under the present invention. The present invention intends that the present invention can be embodied
by methods other than those described in detail in the present specification. Accordingly, the present invention encom-
passes all modifications encompassed in the appended "CLAIMS."

SEQUENCE LISTING

[0071]
<110> Kyoto University
<120> METHOD FOR SCREENING DRUGS FOR SUPPRESSING INFLAMMASOME ACTIVITY
<130> 3199-10272

<150> US 61/415102
<151> 2010-11-18

<160> 5

<170> Patentln version 3.3
<210> 1

<211> 3111

<212> DNA

<213> Homo sapiens

<400> 1
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atgaagatgg
gacttgaaga
ctccegaggg
ttcaatgggg
agagaccttit
gtttcgaatc
ctggagtacc
agaaagtacg
agtgtgagee
caggagagegg
agtcccatta
accgtggtgt
ttggactggg
tgtcgggagg
cccgacccaa
atggacgget
gactggcaga
cttccegagg
ttgctggacce
tacttcttea
gagaacgagg
ggactgaaac

caagcacccg
aatttaagat
gtcagacaga
aggagaaggc
atgagaaagc
ccactgtgat
tttcgagaat
tgagaagcag
tcaacaaacg
agcaggagct
agatggagtt
tccagggggc
cgtcggggac
tgageccttgt
acccacccat
tcgatgaget
aggceccgageg
cctetetget
atcctcggeca
agtacttctc
tcectetteac
agcagatgga
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ctgcaagctg
gcacttagag
gaaggcagac
gtgggeccatg
aaaaagagat
atgccaggaa
ctctatttgt
attccagtge
ctacacacga
tctggecatce
gctgtttgac
ggcagggatt
actctaccaa
gacacagagg
ccacaagatc
gcaaggtgcece
gggagacatt
catcaccacg
tgtggagatc
tgatgaggcec
catgtgctte
gagtggcaag

gccaggtacc
gactatcctc
catgtggatc
gecgtgtgga
gagccgaagt
gacagcattg
aaaatgaaga
attgaagaca
ctgegtctca
ggcaagacca
cccgatgatg
gggaaaacaa
gacaggtttg
agcctgggeg
gtgagaaaac
tttgacgage
ctcctgagca
agacctgtgg
ctgggtttet
caagccaggg
atcccecetgg
agccttgecce

13

tggaggacct
cccagaaggg
tagccacget
tcttegetge
ggggttcaga
aagaggagtg
aagattaccg
ggaatgccecg
tcaaggagca
agacgtgtga
agcattctga
tcctggecag
actatctgtt
acctgatcat
cctccagaat
acataggacce
gcctcatcag
ccctggagaa
ccgaggccaa
cagccttcag
tctgetggat
agacatccaa

ggaggatgtg
ctgcatccce
aatgatcgac
gatcaacagg
taatgcacgt
gatgggttta
taagaagtac
tctgggtgag
ccggagccag
gagccecegtg
gectgtgeac
gaagatgatg
ctatatccac
gagctgetge
cctettecte
gctetgeact
aaagaagctg
actgcagcac
aaggaaagag
tctgattcag
cgtgtgcact
gaccaccacc

60
120
180
240

300
360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320
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geggtgtacg
ggectetgeg
aaaatcctgt
gctttectga
atccacatga
gaaggaagga
cttctggaaa
tttggeetgg
tctcagcaaa
ctgcagatcc
gacttcgtge
atggaccaca
ctggggttte
cttgatatgg
gtgaacagcc
cagagtctaa
ttgtgtgaaa
ggeetetege
gtggagetgg
ggactgaagc
tcagcatgtt
tatgtggges
aatccacagt
tgttcagectt
ggcaacactc
tgcaagcttc
ctttccacac
ctgggegacc
cagaacctgg
cttcaagaag

<210> 2

<211> 2769

<212> DNA

<213> Homo sapiens

<400> 2

atgaagatgg
gacttgaaga
ctccecgaggg
ttcaatgggg
agagaccttt

tcttettect
cccacctetg
ttgaggagtc
ggatgaacct
ctttccagga
cgaacgttcc
actatggcaa
taaaccagga
tcaggcectgga
agcccagceca
aaagggccat
tggtttette
tccataacat
tgcagtgtgt
acctcacttce
ctgaattgga
cgctccagcea
atgagtgctg
acctgagtga
acctgttgtg
gtcaggatct
agaatgcctt
gtaacctgca
tgtccteggt
tcggagacaa
aggtgttgga
ttctgaccte
tgggggtcat
ggttgtctga
aaaagcctga

caagcacccg
aatttaagat
gtcagacaga
aggagaaggc
atgagaaagc
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ttccagtttg
ggggetetge
cgacctcagg
gttccaaaag
gttctttgee
agggagtcgt
attcgaaaag
gaggacctcc
gctgctgaaa
gctggaattg
ggactatttc
cttttgcatt
gcccaaggag
cctcccaage
cagtttttge
cctcagtgac
tcctggetgt
cttcgacatc
caacgccctce
caatctgaag
tgcatcagta
gggagactca
gaaactgggg
actcagcact
ggggatcaaa
attagacaac
cagccagagc
gatgttctgt
aatgtatttc
gctgaccgte

ctgcaagctg
gcacttagag
gaaggcagac
gtgggecatg
aaaaagagat

ctgcagccecce
tctttggetg
aatcatggac
gaagtggact
gccatgtact
ttgaagcttc
gggtatttga
tacttggaga
tggattgaag
ttctactgtt
cccaagattg
gagaactgtc
gaagaggagg
tectetceatg
cggggecetet
aattctctgg
aacattcgga
tcettggtee
ggtgacttcg
aagctctggt
ttgagcacca
ggagtcgcaa
ttggtgaatt
aatcagaatc
ctactctgtg
tgcaacctca
ctgcgaaagc
gaagtgctga
aattatgaga
gtctttgage

gccaggtace
gactatcctce
catgtggatc
gecgtgtgga
gagccgaagt

14

ggggagggag
cagatggaat
tgcagaaggce
gcgagaagtt
acctgectgga
ccageccgaga
tttttgttgt
agaaattaag
tgaaagccaa
tgtacgagat
agatcaatct
atcgggtgga
aggaaaagga
ctgectgttce
tttcagttct
gggacccagg
gattgtggtt
tcagcagcaa
gaatcagact
tggtcagcectg
gccattcect
ttttatgtga
ctggeettac
tcacgcacct
agggactctt
cgtcacactg
tgageetgeg
aacagcagag
caaaaagtgc
cttcttggta

tggaggacct
cccagaaggsg
tagccacgcect
tcttegetge

ggggttcaga

ccaggagcac
ctggaaccag
ggatgtgtct
ctacagcttc
agaggaaaag
cgtgacagtc
acgtttccte
ttgcaagatc
agctaaaaag
gcaggaggag
ctccaccaga
gtcactgtce
aggccgacac
tcatggattg
gagcaccagc
gatgagagtg
ggggegetgt
ccagaagctg
tctgtgtgtg
ctgcctcaca
gaccagactc
aaaagccaag
gtcagtctgt
ttacctgcga
gcaccccgac
ctgctgggat
caacaatgac
ctgectecetg
gttagaaaca
g

ggaggatgtg
ctgcatcccee
aatgatcgac
gatcaacagg
taatgcacgt

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3111

60
120
180
240
300
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<210> 3

gtttcgaate
ctggagtacc
agaaagtacg
agtgtgagcc
caggagaggg
agtcccatta
accgtggtgt
ttggactggg
tgtegggagg
cccgacccaa
atggacggct
gactggcaga
cttcccgagg
ttgctggacc
tacttcttca
gagaacgagg
ggactgaaac
geggtgtacg
ggeetetgeg
aaaatcctgt
gctttectga
atccacatga
gaaggaagga
cttctggaaa
tttggeetgg
tctcagcaaa
ctgcagatcc
gacttcgtge
atggaccaca
ctggggtttc
cttgatatgg
gggegetgtg
cagaagctgg
ctgtgtgtgg
ggecttacgt
acgcaccttt
ggactcttge
tcacactgct
agcctgggcea
cagcagagct
aaaagtgcegt
tcttggtag

<211> 3111
<212> DNA
<213> Homo sapiens

ccactgtgat
tttcgagaat
tgagaagcag
tcaacaaacg
agcaggagct
agatggagtt
tccaggggge
cgtcggggac
tgagccttgt
acccacccat
tcgatgagcet
aggccgagceg
cctetetget
atcctcggeca

agtacttctc

tcctetteac
agcagatgga
tcttetteet
cccacctctg
ttgaggagtc
ggatgaacct
ctttccagga
cgaacgttcce
actatggcaa
taaaccagga
tcaggctgga
agcccagceca
aaagggccat
tggtttctte
tccataacat
tgcagtgtgt
geetetegea
tggagctgga
gactgaagca
cagtctgttg
acctgcgagg
accccegactg
gctgggatcet
acaatgacct
gectectgea
tagaaacact
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atgccaggaa
ctctatttgt
attccagtge
ctacacacga
tctggecatce
gctgtttgac
ggcagggatt
actctaccaa
gacacagagg
ccacaagatc
gcaaggtgcc
gggagacatt
catcaccacg
tgtggagatc
tgatgaggcc
catgtgcttc
gagtggcaag
ttccagtttg
ggggeteige
cgacctcagg
gttccaaaag
gttctttgee
agggagtegt
attcgaaaag
gaggacctcce
gctgetgaaa
gctggaattg
ggactatttc
cttttgecatt
gcccaaggag
cctceccaage
tgagtgctge
cctgagtgac
cctgttgtge
ttcagctttg
caacactctc
caagcttcag
ttccacactt
gggegacctg
gaacctgggg
tcaagaagaa

gacagcattg
aaaatgaaga
attgaagaca
ctgegtctcea
ggcaagacca
cccgatgatg
gggaaaacaa
gacaggtttg
agectggegg
gtgagaaaac
tttgacgagc
ctcctgagcea
agacctgtgg
ctgggtttcet
caagccaggg
atccceccectgg
agccttgece
ctgcagcececce
tectttggetg
aatcatggac
gaagtggact
gccatgtact
ttgaagcttce
gggtatttga
tacttggaga
tggattgaag
ttctactgtt
cccdagattg
gagaactgtc
gaagaggagg
tcctecteatg
ttcgacatct
aacgcccteg
aatctgaaga
tccteggtac
ggagacaagg
gtgttggaat
ctgacctcca
ggggtcatga
ttgtctgaaa
aagcctgage

15

aagaggagtg
aagattaccg
ggaatgcccg
tcaaggagca
agacgtgtga
agcattctga
tcetggecag
actatctgtt
acctgatcat
cctccagaat
acataggacc
gcctcatcag
ccctggagaa
ccgaggecaa
cagccttcag
tctgetggat
agacatccaa
gggeagegegag
cagatggaat
tgcagaaggce
gcgagaagtt
acctgctgga
ccagccgaga
tttttgttgt
agaaattaag
tgaaagccaa
tgtacgagat
agatcaatct
atcgggtgga
aggaaaagga
ctgeetgttc
cettggtecet
gtgacttcgg
agctctggtt
tcagcactaa
ggatcaaact
tagacaactg
gccagagcect
tgttctgtga
tgtatttcaa
tgaccgtcgt

gatgggttita
taagaagtac
tetgggtgag
ccggagccag
gagcccecgtg
gcctgtgeac
gaagatgatg
ctatatccac
gagctgetge
cctcttecte
gctctgeact
aaagaagctg
actgcagcac
aaggaaagag
tctgattcag
cgtgtgcact
gaccaccacc
ccaggagcac
ctggaaccag
ggatgtgtct
ctacagcttc
agaggaaaag
cgtgacagtc
acgtttcctce
ttgcaagatc
agctaaaaag
gcaggaggag
ctccaccaga
gtcactgtcc
aggccgacac
tcatgggttg
cagcagcaac
aatcagactt
ggtgaattct
tcagaatctc
actctgtgag
caacctcacg
gcgaaagetg
agtgctgaaa
ttatgagaca
ctttgagcct

360

420

480

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2769
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<400> 3

atgaagatgg
gacttgaaga
ctcccgaggg
ttcaatgggg
agagaccttt
gtttcgaatc
ctggagtacc
agaaagtacg
agtgtgagcce
caggagaggsg
agtcccatta
accgtggtigt
ttggactggg
tgtcgggagg
cccgacccaa
atggacggct
gactggcaga
cttccegagg
ttgectggacce
tacttcttca
gagaacgagg
ggactgaaac
gcggtgtacg
ggcetctgeg
aaaatcctgt
gctttcetga
atccacatga
gaaggaagga
cttctggaaa
tttggeetgg
tctcagcaaa
ctgcagatcce
gacttcgtge
atggaccaca
ctggggtttic
cttgatatgg

caagcacccg
aatttaagat
gtcagacaga
aggagaaggce
atgagaaagc
ccactgtgat
tttcgagaat
tgagaagcag
tcaacaaacg
agcaggagct
agatggagtt
tccaggggge
cgtcggggac
tgagccttgt
acccacccat
tcgatgagcet
aggccgageg
cctctetget
atcctcggea
agtacttctc
tcetettecac
agcagatgga
tcttettect
cccacctetg
ttgaggagtc
ggatgaacct
ctttccagga
cgaacgttcc
actatggcaa
taaaccagga
tcaggctgga
agcccageca
aaagggccat
tggtttcttc
tccataacat
tgcagtgtgt
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ctgcaagctg
gcacttagag
gaaggcagac
gtgggecatg
aaaaagagat
atgccaggaa
ctctatttgt
attccagtge
ctacacacga
tctggecate
gctgtttgac
ggcagggatt
actctaccaa
gacacagagg
ccacaagatc
gcaaggtgcece
gggagacatt
catcaccacg
tgtggagatc
tgatgaggcc
catgtgectte
gagtggcaag
ttccagtttg
ggggetetge
cgacctcagg
gttccaaaag
gttctttgee
agggagtcgt
attcgaaaag
gaggacctcc
gctgetgaaa
gctggaattg
ggactatttc
cttttgcatt
gcccaaggag
cctecccaage

gccaggtacce
gactatcctce
catgtggatc
gcegtgtgga
gagccgaagt
gacagcattg
aaaatgaaga
attgaagaca
ctgcgtcteca
ggcaagacca
cccgatgatg
gggaaaacaa
gacaggtttg
agcclggggg
gtgagaaaac
tttgacgagc
ctcctgagca
agacctgtgg
ctgggtttct
caagccaggg
atcccecctgg
agccttgecece
ctgcagcecece
tctttggetg
aatcatggac
gaagtggact
gccatgtact
ttgaagcttc
gggtatttga
tacttggaga
tggattgaag
ttctactgtt
cccaagattg
gagaactgtc
gaagaggagg
tcctetcatg

16

tggaggacct
cccagaaggg
tagccacget
tcttegetge
ggggttcaga
aagaggagtg
aagattaccg
ggaatgccecg
tcaaggagca
agacgtgtga
agcattctga
tcctggeceag
actatctgtt
acctgatcat
cctccagaat
acataggacc
gcctcatcag

ccctggagaa'

ccgaggcecaa
cagcctteag
tctgetggat
agacatccaa
ggggageggag
cagatggaat
tgcagaaggce
gcgagaagtt
acctgctgga
ccagccgaga
tttttgttgt
agaaattaag
tgaaagccaa
tgtacgagat
agatcaatct
atcgggtgga
aggaaaagga
ctgcetgttce

ggaggatgtg
ctgcatccce
aatgatcgac
gatcaacagg
taatgcacgt
gatgggttta
taagaagtac
tctgggtgag
ccggagecag
gagcccecgtg
gcctgtgeac
gaagatgatg
ctatatccac
gagctgetge
cctetteete

gctctgeact

aaagaagctg
actgcagcac
aaggaaagag
tctgattcag
cgtgtgcact
gaccaccacc
ccaggagcac
ctggaaccag
ggatgtgtet
ctacagcttc
agaggaaaag
cgtgacagtc
acgtttccte
ttgcaagatc
agctaaaaag
gcaggaggag
ctccaccaga
gtcactgtce
aggccgacac
tcatggattg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
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<210> 4

gtgaacagce
cagagtctaa
ttgtgtgaaa
ggectetege
gtggagetgg
ggactgaagc
tcagcatgtt
tatgtggegg
aatccacagt
tgttcagett
ggcaacactc
tgcaagcttce
ctttccacac
ctgggcgacce
cagaacctgg
cttcaagaag

<211> 2940
<212> DNA
<213> Homo sapiens

<400> 4

atgaagatgg
gacttgaaga
ctcccgaggg
ttcaatgggg
agagaccttt
gtttcgaatc
ctggagtacc
agaaagtacg
agtgtgagcc
caggagagegg
agtcccatta
accgtggtgt
ttggactggg
tgtcgggagg
ccecgacccaa
atggacggct
gactggcaga
cttceccgagg
ttgctggacce

acctcacttc
ctgaattgga
cgctccagea
atgagtgctg
acctgagtga
acctgttgtg
gtcaggatct
agaatgcctt
gtaacctgca
tgtccteggt
tcggagacaa
aggtgttgga
ttctgacctce
tgggggtceat
ggttgtctga
aaaagcctga

caagcacccg
aatttaagat
gtcagacaga
aggagaaggce
atgagaaagc
ccactgtgat
tttegagaat
tgagaagcag
tcaacaaacg
agcaggagct
agatggagtt
tccagggggce
cgtcggggac
tgagcecttgt
acccacccat
tcgatgagct
aggecgageg
cctetetget
atcctcggca
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cagtttttge
cctcagtgac
tcetggetgt
cttcgacatc
caacgcccte
caatctgaag
tgcatcagta
gggagactca
gaaactgggg
actcagcact
ggggatcaaa
attagacaac
cagccagagce
gatgttctgt
aatgtatttc
gctgaccgtce

ctgcaagectg
gcacttagag
gaaggcagac
gtgggecatg
aaaaagagat
atgccaggaa
ctetatttgt
attccagtge
ctacacacga
tctggecatce
getgtttgac
ggcagggatt
actctaccaa
gacacagagg
ccacaagatc
gcaaggtgcce
gggagacatt
catcaccacg
tgtggagatc

cggggeetet
aattctctgg
aacattcgga
tectiggtee
ggtgacttcg
aagctctggt
ttgagcacca
ggagtcgcaa
ttggtgaatt
aatcagaatc
ctactctgtg
tgcaacctca
ctgcgaaage
gaagtgctga
aattatgaga
gtctttgage

gccaggtacc
gactatccte
catgtggatc
geecgtgtgga
gagccgaagt
gacagcattg
aaaatgaaga
attgaagaca
ctgegtctca
ggcaagacca
cccgatgatg
gggaaaacaa
gacaggtttg
agectggegg
gtgagaaaac
tttgacgagce
ctcectgagea
agacctgtgg
ctgggtttct

17

tttcagttct
gggacccagg
gattgtggtt
tcagcagcaa
gaatcagact
tggtcagectg
gccattecect
ttttatgtga
ctggecttac
tcacgcacct
agggactctt
cgtcacactg
tgagecetggg
aacagcagag
caaaaagtgc
cttcttggta

tggaggacct
cccagaaggg
tagccacgcet
tcttegetge
ggggttcaga
aagaggagtg
aagattaccg
ggaatgecceceg
tcaaggagca
agacgtgtga
agcattctga
tcetggecag
actatctgtt
acctgatcat
cctccagaat
acataggacc
gcctcatcag
ccctggagaa
ccgaggccaa

gagcaccagce
gatgagagtg
ggggegetgt
ccagaagctg
tctgtgtgtg
ctgcctcaca
gaccagactc
aaaagccaag
gtcagtctgt
ttacctgcga
gcaccccgac
ctgetgggat
caacaatgac
ctgectectg
gttagaaaca
g

ggaggatgtg
ctgecatceee
aatgatcgac
gatcaacagg
taatgcacgt
gatgggttta
taagaagtac
tctgggtgag
ccggagccag
gagccecgtg
gcctgtgeac
gaagatgatg
ctatatccac
gagctgetge

cctettecte .

gctetgeact
aaagaagctg
actgcagcac
aaggaaagag

2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3111

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
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tacttcttca
gagaacgagg
ggactgaaac
geggtgtacg
ggectetgeg
aaaatcctgt
gcttteectga
atccacatga
gaaggaagga
cttctggaaa
tttggecetgg
tctcagcaaa
ctgcagatcc
gacttcgtge
atggaccaca
ctggggttte
cttgatatgg
gtgaacagcc
cagagtctaa
ttgtgtgaaa
ggeetetege
gtggagetgg
ggactgaagc
tcagtctgtt
tacctgcgag
caccccgact
tgctgggatce
aacaatgacc
tgeetectge
ttagaaacac

<210> 5

<211> 2940

<212> DNA

<213> Homo sapiens

<400> 5

atgaagatgg
gacttgaaga
ctcccgaggg
ttcaatgggg
agagaccttt
gtttcgaatc

agtacttctc
tcetcttecac
agcagatgga
tettetteet
cccacctctg
ttgaggagtc
ggatgaacct
ctttccagga
cgaacgttcc
actatggcaa
taaaccagga
tcaggctgga
agcccagceca
aaagggccat
tggtttctte
tccataacat
tgcagtgtgt
acctcacttce
ctgaattgga
cgctccagea
atgagtgcetg
acctgagtga
acctgttgtg
gttcagcttt
gcaacactct
gcaagcttca
tttccacact
tgggcgacct
agaacctggg
ttcaagaaga

caagcacceg
aatttaagat

gtcagacaga

aggagaaggc
atgagaaagc
ccactgtgat
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tgatgaggcc
catgtgctte
gagtggcaag
ttccagtttg
ggggetctge
cgacctcagg
gttccaaaag
gttctttgece
agggagtcgt
attcgaaaag
gaggacctcc
gctgcetgaaa
gctggaattg
ggactatttc
cttttgecatt
gcccaaggag
cctecccaage
cagtttttge
cctcagtgac
tcectggetgt
cttcgacatc
caacgcccte
caatctgaag
gtccteggta
cggagacaag
ggtgttggaa
tctgacctcee
gggggtecatg
gttgtctgaa
aaagcctgag

ctgcaagctg
gcacttagag
gaaggcagac
gtgggceatg
aaaaagagat
atgccaggaa

caagccaggg
atcccectgg
agccttgecce
ctgcagcccece
tctttggetg
aatcatggac
gaagtggact
gccatgtact
ttgaagcttc
gggtatttga
tacttggaga
tggattgaag
ttctactgtt
cccaagattg
gagaactgtc
gaagaggagg
tcectetecatg
cggggccetet
aattctctgg
aacattcgga
tcettggtee
ggtgacttcg
aagctctggt
ctcagcacta
gggatcaaac
ttagacaact
agccagagcce
atgttctgtg
atgtatttca
ctgaccgteg

gcecaggtace
gactatcctce
catgtggatc
geegtgtgga
gagccgaagt
gacagcattg

18

cagccttcag
tctgctggat
agacatccaa
ggggagggag
cagatggaat
tgcagaaggc
gcgagaagtt
acctgctgga
ccagccgaga
tttttgttgt
agaaattaag
tgaaagccaa
tgtacgagat
agatcaatct
atcgggtgga
aggaaaagga
ctgeectgtte
tttcagttct
gggacccagg
gattgtggtt
tcagcagcaa
gaatcagact
tggtgaattc
atcagaatct
tactctgtga
gcaacctcac
tgcgaaagcet
aagtgctgaa
attatgagac
tctttgagece

tggaggacct
cccagaaggg
tagccacgcet
tecttegetge
ggggtticaga
aagaggagtg

tctgattcag
cgtgtgcact
gaccaccacce
ccaggagcac
ctggaaccag
ggatgtgtct
ctacagcttc
agaggaaaag
cgtgacagtc
acgtttccte
ttgcaagatc
agctaaaaag
gcaggaggag
ctccaccaga
gtcactgtcc
aggccgacac
tcatggattg
gagcaccagce
gatgagagtg
ggggegetgt
ccagaagctg
tetgtgtgtg
tggecttacg
cacgcacctt
gggactcttg
gtcacactgce
gagcctggge
acagcagagc
aaaaagtgceg
ttcttggtag

ggaggatgtg

ctgcatccce
aatgatcgac
gatéaacagg
taatgcacgt
gatgggttta

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940

60
120
180
240
300
360
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ctggagtacc
agaaagtacg
agtgtgagcc
caggagaggsg
agtcccatta
accgtggtgt
ttggactggg
tgtcgggagg
cccgacccaa
atggacggct
gactggcaga
cttccegagg
ttgctggacc

tacttcttca.

gagaacgagg
ggactgaaac
geggtgtacg
ggeetetgeg
aaaatcctgt
gctttcectga
atccacatga
gaaggaagga
cttctggaaa
tttggeetgg
tctcagcaaa
ctgcagatcce
gacttcgtge
atggaccaca
ctggggtite
cttgatatgg
gggegetgtg
cagaagctgg
ctgtgtgtgg
tgcectcacat
accagactct
aaagccaaga
tcagtctgtt
tacctgcgag
caccccgact
tgetgggate
aacaatgacc
tgccteetge
ttagaaacac

tttcgagaat
tgagaagcag
tcaacaaacg
agcaggagct
agatggagtt
tccaggggge
cgtcggggac
tgagccttgt
acccacccat
tcgatgaget
aggcecgageg
cctetetget
atcctcggea
agtacttctce
tcctcttbac
agcagatgga
tcttetteet
cccacctetg
ttgaggagtc
ggatgaacct
ctttccagga
cgaacgttcce
actatggcaa
taaaccagga
tcaggctgga
agcccagceca
aaégggccat
tggtttcttc
tccataacat
tgcagtgtgt
gcectctegea
tggagectgga
gactgaagca
cagcatgttg
atgtggggga
atccacagtg
gttcagecttt
gcaacactct
gcaagcttca
tttccacact
tggegcgacct
agaacctggg
ttcaagaaga
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ctctatttgt
attccagtgce
ctacacacga
tctggecatce
gctgtttgac
ggcagggatt
actctaccaa
gacacagagg
ccacaagatc
gcaaggtgce
gggagacatt
catcaccacg
tgtggagatc
tgatgaggcce
catgtgecttc
gagtggcaag
ttccagtttg
ggggctetge
cgacctcagg
gttccaaaag
gttetttgee
agggagtcgt
attcgaaaag
gaggacctcc
gctgectgaaa
gctggaattg
ggactatttc
cttttgeatt
gcccaaggag
cctecccaage
tgagtgectge
cctgagtgac
cctgttgtge
tcaggatctt
gaatgccttg
taacctgcag
gtcctecggta
cggagacaag
getgitggaa
tctgacctcece
gggggteatg
gttgtctgaa
aaagcctgag

aaaatgaaga
attgaagaca
ctgegtectca
ggcaagacca
cccgatgatg
gggaaaacaa
gacaggtttg
ageetggggsg
gtgagaaaac
tttgacgagce
ctcctgageca
agacctgtgg
ctgggtttcet
caagccaggg
atccccetgg
agccttgecce
ctgcagceccecc
tetttggetg
aatcatggac
gaagtggact
gccatgtact
ttgaagcttce
gggtattiga
tacttggaga
tggattgaag
ttctactgtt
cccaagattg
gagaactgtc
gaagaggagg
tcectetcatg
ttcgacatct
aacgccctceg
aatctgaaga
gcatcagtat
ggagactcag

aaactggggt

ctcagcacta
gggatcaaac
ttagacaact
agccagagcc
atgttctgtg
atgtatttca
ctgaccgtcg

19

aagattaccg
ggaatgceccecg
tcaaggagca
agacgtgtga
agcattctga
tcctggecag
actatctgtt
acctgatcat
ccteccagaat
acataggacc
gcctcatcag
ccctggagaa
ccgaggccaa
cagccttcag
tctgctggat
agacatccaa
ggggaggegag
cagatggaat
tgcagaaggce
gcgagaagtt
acctgectgga
ccagccgaga
tttttgttgt
agaaattaag
tgaaagccaa
tgtacgagat
agatcaatct
atcgggtgga'
aggaaaagga
ctgectgtte
ccttggtect
gtgacttcgg
agctctggtt
tgagcaccag
gagtcgcaat
tggtgaattc
atcagaatct
tactctgtga
gcaacctcac
tgcgaaagct
aagtgctgaa
attatgagac
tctttgagcee

taagaagtac
tctgggtgag
ccggagcecag
gagcceegtg
geetgtgeac
gaagatgatg
ctatatccac
gagectgcetge
cctettecte
gctetgeact
aaagaagctg
actgcagcac
aaggaaagag
tctgattcag
cgtgtgcact
gaccaccacc
ccaggagcac
ctggaaccag
ggatgtgtcet
ctacagcttc
agaggaaaag
cgtgacagtc
acgtttccte
ttgcaagatc
agctaaaaag
gcaggaggag
ctccaccaga
gtcactgtcce
aggccgacac
tcatgggttg
cagcagcaac
aatcagactt
ggtcagetge
ccattccetg
tttatgtgaa
tggecttacg

cacgcacctt.

gggactcttg
gtcacactgc
gagectggge
acagcagagc
aaaaagtgcg
ttcttggtag

420

480

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
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Claims

1.

A method selected from any one of (A), (B) and (C):
(A) a method for screening a drug for suppressing inflammasome activity, comprising the steps of:

(1) contacting a test substance with lipopolysaccharide (LPS)-stimulated macrophages derived from induced
pluripotent stem cells (iPS cells) having mutant NLRP3 gene;

(2) measuring the amount of IL-1p secretion from the macrophages after step (1); and

(3) selecting the test substance as a drug for suppressing inflammasome activity when the amount of IL-
1B secretion measured in step (2) is smaller than the amount of IL-1 secretion from macrophages derived
from iPS cells having mutant NLRP3 gene which are stimulated with LPS but not contacted with the test
substance;

(B) a method for screening a drug for suppressing inflammasome activity, comprising the steps of:

(1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant
NLRP3 gene;

(2) measuring the amount of IL-1p secretion from the macrophages after step (1); and

(3) selecting the test substance as a drug for suppressing inflammasome activity when the amount of
secretion measured in step (2) is equivalentto or less than the amount of IL-1f3 secretion from LPS-stimulated
macrophages derived from iPS cells having wild-type NLRP3 gene;

(C) a method for screening a drug for suppressing inflammasome activity, comprising the steps of:

(1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant
NLRP3 gene and with LPS-stimulated macrophages derived from iPS cells having wild-type NLRP3 gene;
(2) measuring the amount of IL-1f secretion from the respective macrophages after step (1); and

(3) selecting the test substance as a drug for suppressing inflammasome activity when the amount of IL-
1B secretion from the macrophages derived from iPS cells having mutant NLRP3 gene measured in step
(2) is smaller than the amount of IL-1p secretion from macrophages derived from iPS cells having mutant
NLRP3 gene which are stimulated with LPS but not contacted with the test substance, and the amount of
IL-1B secretion from the macrophages derived from iPS cells having wild-type NLRP3 gene measured in
step (2) is equivalent to the amount of IL-1 secretion from macrophages derived from iPS cells having
wild-type NLRP3 gene which are stimulated with LPS but not contacted with the test substance.

The method according to claim 1, wherein said drug for suppressing inflammasome activity is a therapeutic agent
for asbestosis, Alzheimer’s disease, type 2 diabetes, atherosclerotic cardiovascular disease, gout, or cryopyrin-
associated periodic syndrome.

The method according to claim 1 or 2, wherein said mutant NLRP3 gene is NLRP3 gene in which adenine at position
1709 is mutated to guanine.

The method according to claim 1 (B) or 1 (C), wherein macrophages derived from iPS cells having wild-type NLRP3
gene are further stimulated with ATP.

The method according to claim 1 (B) or 1 (C), wherein said iPS cells having mutant NLRP3 gene and said iPS cells
having wild-type NLRP3 gene are iPS cells derived from the same individual.

A method selected from any one of (A), (B) and (C):
(A) a method for screening a drug for suppressing inflammasome activity, comprising the steps of:
(1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant
NLRP3 gene;
(2) measuring the ratio of macrophages having aggregated Apoptotic speck-like protein containing a CARD

(ASC) after step (1); and
(3) selecting the test substance as a drug for suppressing inflammasome activity when the ratio measured
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in step (2) is smaller than the ratio of macrophages having aggregated ASC in macrophages derived from
iPS cells having mutant NLRP3 gene which are stimulated with LPS but not contacted with the test substance;

(B) a method for screening a drug for suppressing inflammasome activity, comprising the steps of:

(1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant
NLRP3 gene;

(2) measuring the ratio of macrophages having aggregated ASC after step (1); and

(3) selecting the test substance as a drug for suppressing inflammasome activity when the ratio measured
in step (2) is equivalent to or less than the ratio of macrophages having aggregated ASC in LPS-stimulated
macrophages derived from iPS cells having wild-type NLRP3 gene;

(C) a method for screening a drug for suppressing inflammasome activity, comprising the steps of:

(1) contacting a test substance with LPS-stimulated macrophages derived from iPS cells having mutant
NLRP3 gene and with LPS-stimulated macrophages derived from iPS cells having wild-type NLRP3 gene;
(2) measuring the ratio of macrophages having aggregated ASC in the respective macrophages after step
(1) ; and

(3) selecting the test substance as a drug for suppressing inflammasome activity when the ratio of macro-
phages having aggregated ASC in the macrophages derived from iPS cells having mutant NLRP3 gene
measured in step (2) is smaller than the ratio of macrophages having aggregated ASC in macrophages
derived from iPS cells having mutant NLRP3 gene which are stimulated with LPS but not contacted with
the test substance, and the ratio of macrophages having aggregated ASC in the macrophages derived from
iPS cells having wild-type NLRP3 gene measured in step (2) is equivalent to the ratio of macrophages
having aggregated ASC in macrophages derived from iPS cells having wild-type NLRP3 gene which are
stimulated with LPS but not contacted with the test substance.

7. The method according to claim 6, wherein said drug for suppressing inflammasome activity is a therapeutic agent
for asbestosis, Alzheimer’s disease, type 2 diabetes, atherosclerotic cardiovascular disease, gout, or cryopyrin-
associated periodic syndrome.

8. The method according to claim 6, wherein said mutant NLRP3 gene is NLRP3 gene in which adenine at position
1709 is mutated to guanine.

9. The method according to claim 6 (B) or 6 (C), wherein macrophages derived from iPS cells having wild-type NLRP3
gene are further stimulated with ATP.

10. The method according to claim 6 (B) or 6 (C), wherein said iPS cells having mutant NLRP3 gene and said iPS cells
having wild-type NLRP3 gene are iPS cells derived from the same individual.

Patentanspriiche

1. Verfahren, ausgewahlt aus irgendeinem Verfahren nach (A), (B) und (C):

(A) Verfahren zum Screening eines Medikaments zur Unterdriickung von Inflammasom-Aktivitat, umfassend
die folgenden Schritte:

(1) In Kontakt bringen einer Testsubstanz mit Lipopolysaccharid (LPS)-stimulierten Makrophagen, die aus
induzierten, pluripotenten Stammzellen (iPS-Zellen) mit mutiertem NLRP3-Gen stammen;

(2) Messen der Menge der IL-13-Sekretion aus den Makrophagen nach Schritt (1); und

(3) Auswahlen der Testsubstanz als ein Medikament zur Unterdriickung von Inflammasom-Aktivitat, falls
die in Schritt (2) gemessene Menge der IL-1B-Sekretion geringer als die Menge der IL-13-Sekretion aus
Makrophagen ist, die aus iPS-Zellen mit mutiertem NLRP3-Gen stammen, die mit LPS stimuliert werden,
aber nicht mit der Testsubstanz in Kontakt gebracht werden;

(B) Verfahren zum Screening eines Medikaments zur Unterdriickung von Inflammasom-Aktivitat, umfassend
die folgenden Schritte:
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(1) In Kontakt bringen einer Testsubstanz mit LPS-stimulierten Makrophagen, die aus iPS-Zellen mit mu-
tiertem NLRP3-Gen stammen;

(2) Messen der Menge der IL-13-Sekretion aus den Makrophagen nach Schritt (1); und

(3) Auswahlen der Testsubstanz als ein Medikament zur Unterdriickung von Inflammasom-Aktivitat, falls
die in Schritt (2) gemessene Menge der Sekretion der Menge der IL-13-Sekretion aus LPS-stimulierten
Makrophagen, die aus iPS-Zellen mit Wildtyp-NLRP3-Gen stammen, entspricht oder geringer ist;

(C) Verfahren zum Screening eines Medikaments zur Unterdriickung von Inflammasom-Aktivitat, umfassend
die folgenden Schritte:

(1) In Kontakt bringen einer Testsubstanz mit LPS-stimulierten Makrophagen, die aus iPS-Zellen mit mu-
tiertem NLRP3-Gen stammen, und mit LPS-stimulierten Makrophagen, die aus iPS-Zellen mit Wildtyp-
NLRP3-Gen stammen;

(2) Messen der Menge der IL-1B-Sekretion aus den entsprechenden Makrophagen nach Schritt (1); und
(3) Auswahlen der Testsubstanz als ein Medikament zur Unterdriickung von Inflammasom-Aktivitat, falls
die in Schritt (2) gemessene Menge der IL-1B-Sekretion aus den Makrophagen, die aus iPS-Zellen mit
mutiertem NLRP3-Gen stammen, geringer als die Menge der IL-13-Sekretion aus Makrophagen ist, die
aus iPS-Zellen mit mutiertem NLRP3-Gen stammen, die mit LPS stimuliert werden, aber nicht mit der
Testsubstanz in Kontakt gebracht werden, und die in Schritt (2) gemessene Menge der IL-1p-Sekretion
aus den Makrophagen, die aus iPS-Zellen mit Wildtyp-NLRP3-Gen stammen, der Menge der IL-13-Sekre-
tion aus Makrophagen, die aus iPS-Zellen mit Wildtyp-NLRP3-Gen stammen, die mit LPS stimuliert werden,
aber nicht mit der Testsubstanz in Kontakt gebracht werden, entspricht.

Verfahren gemafR Anspruch 1, wobei dieses Medikament zur Unterdriickung der Inflammasom-Aktivitat ein Thera-
peutikum fiir Asbestose, Morbus Alzheimer, Typ 2-Diabetes, arteriosklerotische kardiovaskulare Erkrankung, Gicht
oder Cryopyrin-assoziiertes periodisches Syndrom ist.

Verfahren gemaf Anspruch 1 oder 2, wobei dieses mutierte NLRP3-Gen ein NLRP3-Gen ist, in dem Adenin an
Position 1709 zu Guanin mutiert ist.

Verfahren gemaR Anspruch 1 (B) oder 1 (C), wobei die aus iPS-Zellen mit Wildtyp-NLRP3-Gen stammenden Ma-
krophagen ferner mit ATP stimuliert sind.

Verfahren gemaf Anspruch 1 (B) oder 1 (C), wobei diese iPS-Zellen mit mutiertem NLRP3-Gen und diese iPS-
Zellen mit Wildtyp-NLRP3-Gen iPS-Zellen sind, die aus dem gleichen Individuum stammen.

Verfahren, ausgewahlt aus einem Verfahren nach (A), (B) und (C):

(A) Verfahren zum Screening eines Medikaments zur Unterdriickung von Inflammasom-Aktivitat, umfassend
die folgenden Schritte:

(1) In Kontakt bringen einer Testsubstanz mit LPS-stimulierten Makrophagen, die aus iPS-Zellen mit mu-
tiertem NLRP3-Gen stammen;

(2) Messen des Anteils von Makrophagen mit aggregiertem, apoptotischem Speck-like Protein, enthaltend
ein CARD (ASC), nach Schritt (1); und

(3) Auswahlen der Testsubstanz als ein Medikament zur Unterdriickung von Inflammasom-Aktivitat, falls
der in Schritt (2) gemessene Anteil geringer ist als der Anteil von Makrophagen mit aggregiertem ASC in
Makrophagen, die aus iPS-Zellen mit mutiertem NLRP3-Gen stammen, die mit LPS stimuliert werden, aber
nicht mit der Testsubstanz in Kontakt gebracht werden;

(B) Verfahren zum Screening eines Medikaments zur Unterdriickung von Inflammasom-Aktivitat, umfassend
die folgenden Schritte:

(1) In Kontakt bringen einer Testsubstanz mit LPS-stimulierten Makrophagen, die aus iPS-Zellen mit mu-
tiertem NLRP3-Gen stammen;

(2) Messen des Anteils von Makrophagen mit aggregiertem ASC nach Schritt (1); und

(3) Auswahlen der Testsubstanz als ein Medikament zur Unterdriickung von Inflammasom-Aktivitat, falls
der in Schritt (2) gemessene Anteil dem Anteil von Makrophagen mit aggregiertem ASC in LPS-stimulierten
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Makrophagen, die aus iPS-Zellen mit Wildtyp-NLRP3-Gen stammen, entspricht oder geringer ist;

(C) Verfahren zum Screening eines Medikaments zur Unterdriickung von Inflammasom-Aktivitat, umfassend
die folgenden Schritte:

(1) In Kontakt bringen einer Testsubstanz mit LPS-stimulierten Makrophagen, die aus iPS-Zellen mit mu-
tiertem NLRP3-Gen stammen, und mit LPS-stimulierten Makrophagen, die aus iPS-Zellen mit Wildtyp-
NLRP3-Gen stammen;

(2) Messen des Anteils von Makrophagen mit aggregiertem ASC in den entsprechenden Makrophagen
nach Schritt (1); und

(3) Auswahlen der Testsubstanz als ein Medikament zur Unterdriickung von Inflammasom-Aktivitat, falls
der in Schritt (2) gemessene Anteil von Makrophagen mit aggregiertem ASC in den Makrophagen, die aus
iPS-Zellen mit mutiertem NLRP3-Gen stammen, geringer als der Anteil von Makrophagen mit aggregiertem
ASC in Makrophagen ist, die aus iPS-Zellen mit mutiertem NLRP3-Gen stammen, die mit LPS stimuliert
werden, aber nicht mit der Testsubstanz in Kontakt gebracht werden, und der in Schritt (2) gemessene
Anteil von Makrophagen mit aggregiertem ASC in den Makrophagen, die aus iPS-Zellen mit Wildtyp-NLRP3-
Gen stammen, dem Anteil von Makrophagen mit aggregiertem ASC in den Makrophagen, die aus iPS-
Zellen mit Wildtyp-NLRP3-Gen stammen, die mit LPS stimuliert werden, aber nicht mit der Testsubstanz
in Kontakt gebracht werden, entspricht.

Verfahren gemaf Anspruch 6, wobei dieses Medikament zur Unterdriickung von Inflammasom-Aktivitat ein Thera-
peutikum fiir Asbestose, Morbus Alzheimer, Typ 2-Diabetes, arteriosklerotische kardiovaskulare Erkrankung, Gicht
oder Cryopyrin-assoziiertes periodisches Syndrom ist.

Verfahren gemaR Anspruch 6, wobei dieses mutierte NLRP3-Gen ein NLRP3-Gen ist, in dem Adenin an Position
1709 zu Guanin mutiert ist.

Verfahren geman Anspruch 6 (B) oder 6 (C), wobei die Makrophagen, die aus iPS-Zellen mit Wildtyp-NLRP3-Gen
stammen, ferner mit ATP stimuliert sind.

Verfahren gemaf Anspruch 6 (B) oder 6 (C), wobei diese iPS-Zellen mit mutiertem NLRP3-Gen und diese iPS-
Zellen mit Wildtyp-NLRP3-Gen iPS-Zellen sind, die aus dem gleichen Individuum stammen.

Revendications

1.

Procédé choisi parmi I'un quelconque de (A), (B) et (C) :

(A) Procédé de criblage un médicament pour supprimer I'activité d’'un inflammasome, comprenant les étapes
consistant a :

(1) mettre en contact une substance test avec des macrophages, stimulés par un lipopolysaccharide (LPS),
dérivés de cellules souches pluripotentes induites (cellules iPS) ayant un géne mutant NLRP3 ;

(2) mesurer la quantité de sécrétion d’IL-1B des macrophages apres I'étape (1) ; et

(3) choisir la substance test en tant que médicament pour supprimer 'activité de I'inflammasome lorsque
la quantité de sécrétion d’IL-1 mesurée a I'étape (2) est plus petite que la quantité de sécrétion d’IL-1
des macrophages, stimulés avec du LPS, dérivés des cellules iPS ayant un géne mutant NLRP3, mais
sans venir en contact avec la substance test ;

(B) Procédé de criblage d’'un médicament pour supprimer I'activité d'un inflammasome, comprenant les étapes
consistant a :

(1) mettre en contact une substance test avec des macrophages, stimulés par un LPS, dérivés de cellules
iPS ayant un géne mutant NLRP3 ;

(2) mesurer la quantité de sécrétion d’IL-1B des macrophages aprées I'étape (1) ; et

(3) choisir la substance test en tant que médicament pour supprimer 'activité de I'inflammasome lorsque
la quantité de sécrétion mesurée a I'étape (2) est équivalente ou inférieure a la quantité de sécrétion d’IL-
1B des macrophages, stimulés par un LPS, dérivés des cellules iPS ayant un géne de type sauvage NLRP3 ;
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(C) Procédé de criblage d’'un médicament pour supprimer 'activité d’'un inflammasome, comprenant les étapes
consistant a :

(1) mettre en contact une substance test avec des macrophages, stimulés par un LPS, dérivés de cellules
iPS ayant un géne mutant NLRP3 et avec des macrophages, stimulés par un LPS, dérivés des cellules
iPS ayant un géne de type sauvage NLRP3 ;

(2) mesurer la quantité de sécrétion d’IL-1B des macrophages respectifs apres I'étape (1) ; et

(3) choisir la substance test en tant que médicament pour supprimer 'activité de I'inflammasome lorsque
la quantité de sécrétion d’IL-1p des macrophages dérivés des cellules iPS ayant un géne mutant NLRP3
mesurée a I'étape (2) est plus petite que la quantité de sécrétion d’IL-1B des macrophages dérivés des
cellules iPS ayant un géne mutant NLRP3 qui sont stimulés par un LPS, mais sans venir en contact avec
la substance test, et la quantité de sécrétion d’IL-13 des macrophages dérivés des cellules iPS ayant un
géne de type sauvage NLRP3 mesurée a I'étape (2) est équivalente a la quantité de sécrétion d’IL-13 des
macrophages dérivés des cellules iPS ayant un gene de type sauvage NLRP3 qui sont stimulés par un
LPS, mais sans venir en contact avec la substance test.

Procédé selon la revendication 1, dans lequel ledit médicament pour supprimer I'activité d’'un inflammasome est un
agent thérapeutique pour 'amiantose, la maladie d’Alzheimer, un diabéte de type 2, les maladies cardiovasculaires
athéroscléreuses, la goutte ou un syndrome périodique associé a la cryopyrine.

Procédé selon la revendication 1 ou 2, dans lequel ledit géne mutant NLRP3 est un gene NLRP3 dans lequel
'adénine en position 1709 est mutée en guanine.

Procédé selon la revendication 1 (B) ou 1 (C), dans lequel des macrophages dérivés des cellules iPS ayant un gene
de type sauvage NLRP3 sont en outre stimulés par de 'ATP.

Procédé selon la revendication 1 (B) ou 1 (C), dans lequel lesdites cellules iPS ayant un géne mutant NLRP3 et
lesdites cellules iPS ayant un géne de type sauvage NLRP3 sont des cellules iPS dérivées de la méme personne.

Procédé choisi parmi I'un quelconque de (A), (B) et (C) :

(A) Procédé de criblage d’'un médicament pour supprimer I'activité d’'un inflammasome, comprenant les étapes
consistant a :

(1) mettre en contact une substance test avec des macrophages, stimulés avec du LPS, dérivés de cellules
iPS ayant un géne mutant NLRP3 ;

(2) mesurer la teneur en macrophages ayant une protéine mouchetée apoptotique agrégée contenant un
CARD (ASC) apres I'étape (1) ; et

(3) choisir la substance test en tant que médicament pour supprimer 'activité de I'inflammasome lorsque
la teneur mesurée a I'étape (2) est plus faible que la teneur des macrophages ayant de 'ASC agrégé dans
des macrophages dérivés de cellules iPS ayant un géne mutant NLRP3 qui sont stimulés par un LPS, mais
sans venir en contact avec la substance test ;

(B) Procédé de criblage d’'un médicament pour supprimer I'activité d’'un inflammasome, comprenant les étapes
consistant a :

(1) mettre en contact une substance test avec des macrophages, stimulés par un LPS, dérivés de cellules
iPS ayant un géne mutant NLRP3 ;

(2) mesurer la teneur en macrophages ayant de 'ASC agrégé apres I'étape (1) ; et

(3) choisir la substance test en tant que médicament pour supprimer 'activité de I'inflammasome lorsque
la teneur mesurée a I'étape (2) est équivalente ou inférieure a la teneur en macrophages ayant de I'ASC
agrégé dans des macrophages, stimulés par un LPS, dérivés des cellules iPS ayant un géne de type
sauvage NLRP3 ;

(C) Procédé de criblage d’'un médicament pour supprimer l'activité d’'un inflammasome, comprenant les étapes
consistant a :

(1) mettre en contact une substance test avec des macrophages, stimulés par un LPS, dérivés de cellules
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iPS ayant un géne mutant NLRP3 et avec des macrophages, stimulés par un LPS, dérivés des cellules
iPS ayant un géne de type sauvage NLRP3 ;

(2) mesurer la teneur en macrophages ayant de 'ASC agrégé apres I'étape (1) ; et

(3) choisir la substance test en tant que médicament pour supprimer 'activité de I'inflammasome lorsque
la teneur en macrophages ayant un ASC agrégé dans les macrophages dérivés de cellules iPS ayant un
géne mutant NLRP3 mesurée I'étape (2) est plus faible que la teneur en macrophages ayant un ASC agrégé
dans les macrophages dérivés des cellules iPS ayant un géne mutant NLRP3 qui sont stimulés par un
LPS, mais sans venir en contact avec la substance test, et la teneur en macrophages ayantde I'ASC agrégé
dans les macrophages dérivés de cellules iPS ayant un géne de type sauvage NLRP3 mesurée a I'étape
(2) est équivalente a la teneur en macrophages ayant de ’ASC agrégé dans les macrophages dérivés de
cellules iPS ayant un géne de type sauvage NLRP3 qui sont stimulés par un LPS, mais sans venir en
contact avec la substance test.

Procédé selon la revendication 6, dans lequel ledit médicament pour supprimer 'activité de I'inflammasome est un
agent thérapeutique pour 'amiantose, la maladie d’Alzheimer, le diabéte de type 2, les maladies cardiovasculaires

athéroscléreuses, la goutte ou un syndrome périodique associé a la cryopyrine.

Procédé selon la revendication 6, dans lequel ledit géne mutant NLRP3 est un géne NLRP3 dans lequel 'adénine
en position 1709 est mutée en guanine.

Procédé selon la revendication 6 (B) ou 6 (C), dans lequel des macrophages dérivés des cellules iPS ayant un gene
de type sauvage NLRP3 sont en outre stimulés par de 'ATP.

Procédé selon la revendication 6 (B) ou 6 (C), dans lequel lesdites cellules iPS ayant un géne mutant NLRP3 et
lesdites cellules iPS ayant un géne de type sauvage NLRP3 sont des cellules iPS dérivées de la méme personne.
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